Leucas cephalotes SPRENG. (syn.: L. capitata SPRENG.) is a herb of the family Labiatae, which is distributed in Nepal, India, Pakistan, and Afghanistan.
Regarding the chemical constituents of this drug, only two sterols, b-sitosterol and its glucoside have been reported. 7) In the course of our studies on Nepalese crude drugs, 1) we have investigated the chemical constituents of Dronapuspi.
A hot MeOH extract of the material was defated with nhexane, and partitioned between 1-butanol and water. Repeated chromatographic separation of the 1-butanol-soluble fraction led to the isolation of nineteen compounds (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) , including five new ones, labdane-, norlabdane-, and abietanetype diterpenes named leucasdins A (1), B (2), and C (3), respectively, and two protostane-type triterpenes named leucastrins A (4) and B (5), together with a known triterpene (6) , five sterols (7) (8) (9) (10) (11) , and eight flavones (12) (13) (14) (15) (16) (17) (18) (19) , as described in the experimental section. This paper deals with identification of their structures.
The structures of the known compounds (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) were identified as oleanolic acid (6), 8) 7-oxositosterol (7), 9, 10) 7-oxostigmasterol (8), 11) 7a-hydroxysitosterol (9), 9) 7a-hydroxystigmasterol (10), 12) stigmasterol (11), 13) 5-hydroxy-7,4Ј-dimethoxyflavone (12), 14) pillion (13) , 15) gonzalitosin I (14) , 16) tricin (15) , 17) cosmosin (16) , 18) (17) , 19) anisofolin A (18), 20) and luteolin 4Ј-O-b-D-glucuronopyranoside (19) , [21] [22] [23] ). The molecular formula was deduced to be C 25 H 38 O 8 from the high resolution (HR)-MS and 13 C-NMR spectral data. Twenty-five carbon signals were observed in the 13 C-NMR spectrum, and their multiplicities were determined based on the distortionless enhancement by polarization transfer (DEPT) spectrum. The presence of a formyl and two acetyl groups were deduced from the 1 H-and 13 C-NMR spectra which showed characteristic signals at d 8.11, 2.24, and 2.03, and d 160. 8 Table 2 . From these data and the index of hydrogen deficiency given by the molecular formula of 1, 1 was suggested to be a tetracyclic diterpenoid. The 1 H-1 H-shift correlation spectroscopy (COSY) analysis for the functional groups thus established led to seventeen partial structures which were supported by the 1 H- 13 C longrange COSY spectrum. The connection of these partial structures was determined by the 1 H- 13 C long-range COSY correlations. Based on this evidence, the planar structure of 1 was elucidated.
apigenin 7-O-b-D-(6-O-p-coumaroyl)glucopyranoside
The relative stereochemistry of the decaline moiety of 1 was determined as follows. H-3 and H-6 were deduced as being axial and equatorial from the valu of J H-3,H 2 -2 (11, 5 Hz) and J H-5,H-6,H 2 -7 (3, 3, 3 Hz), respectively. In the difference nuclear Overhauser effect (DIFNOE) spectrum, irradiation of H 3 -18 enhanced the intensities of the H-3, H-5, H-6 and H 3 -19 signals, whereas irradiation of H 3 -20 enhanced those of the H-8, H 3 -19, H-2b (d 1.65, brqd, Jϭ12, 4 Hz), H-1b (d 1.35, ddd, Jϭ12, 4, 4 Hz), and the formylmethin proton signal as shown in Fig. 1 . The above data suggested that both of the A-and B-ring existed in chair conformation with C-10 methyl and C-6 formyloxy groups in an axial arrangement and a C-3 acetoxy group in equatorial one, and the decaline (11, 5) 3.24 ddd (11, 6, 5) 3.17 ddd (11, 6, 5) 4.77 dd (11, 4) 4.69 dd (11, 4) 4.42 dd (11, 4) (3, 3, 3) 4.36 dddd (3, 3, 3, 3) 4.35 dddd (3, 3, 3, 3) 5.72 ddd (3, 3, 3) 5.71 ddd (3, 3, 3) 5.62 ddd (3, 3, 3) 4.42 brq (3) 5.77 brq (2) 7a 1.77 ddd (14, 14, 3) 1.88 ddd (14, 14, 3) 1.78 ddd (14, 14 (12) 2.01 ddd (13, 9, 9) 2.17 brq (11) 2.09 ddd (13, 9, 9) 2.28 ddd (14, 12, 9) 2.25 ddd (14, 12, 9) 2.33 ddd (14, 12, 9) 12a 1.95 brq (10) ca. 1.88
1.88 ddd (13, 9, 9) ca. 1.92
1.91 ddd (13, 9, 9) 2.60 ddd (18, 12, 9) 2.59 ddd (18, 12, 9) 2.64 ddd (18, 12, 9) 12b 2.03 brt (12) 1.94 brt (12) 2.31 ddd (13, 9, 3) 2.01 brt (11) 2.38 ddd (13, 9, 3) 2.51 ddd (18, 12, 4) 2.48 ddd (18, 12, 4) 2.52 ddd (18, 12, 4) 14a 2.50 ddd (12, 10, 9) 2.42 brq (10) 2.14 ddd (12, 8, 4) (10, 9, 2) 3.96 ddd (10, 9, 3) 3.87 ddd (12, 8, 4) 4.01 ddd (11, 9, 3) 3.90 ddd (12, 8, 4) ---15b 3.82 ddd (10, 9, 7) 3.77 brq (9) 3.95 brq (8) From these findings, the relative stereochemistry of 1 is as shown in Chart 1.
The absolute stereochemistry of 1 was confirmed by the fact as follows. On treatment with 3% NaOMe/MeOH followed by neutralization with dil. HCl, 1 gave an equilibrium mixture of deacyl product of 1 (1a), which was methylated with AcCl/MeOH (20 : 1) to give a C-16 epimeric mixture of 16-methylether of 1a (1b, 1c) as shown in Chart 2. The product was separated by a preparative TLC to give 1b and 1c, and then subjected to p-bromobenzoylation to afford the 3,6-di-O-p-bromobenzoates (1d, 1e), of which both CD spectra showed a negative first Cotton effect at 253 nm and a positive second one at 236 nm, respectively, as described in the experimental section. By applying the exiton chirality rule 24) to this result, the absolute configuration at the C-3 and C-6 position of 1d and 1e were estimated as S and R, respectively, as shown in Fig. 2 .
Based on these data, the structure of leucasdin A (1) was concluded to be (3S,6R,8R,9R,13S,16S)-9,13,15,16-bisepoxy-3,16-diacetoxy-6-formyloxylabdane.
Leucasdin B (2) methyl, methylene, oxymethylene, hemiacetal ester, and one quaternary sp 3 -carbon observed in the spectra of 2. These findings indicated that 2 is a norlabdane-type diterpene as iso-ambreinolide 25) (21) having a g-lactone ring instead of the two spiro-tetrahydrofuran rings in 1. This was further confirmed by the 13 C-NMR spectrum of 2, in which the signal pattern of the g-lactone moiety was almost identical with that of 21. The position of two acyl groups were confirmed to be same as 1 by 1 H-13 C COSY data. The relative stereochemistry was confirmed by NOE experiments which gave the same results as for 1.
On deacylation followed by p-bromobenzoylation in the same manner as 1, 2 afforded the 3,6-di-O-p-bromobenzoate (2b) whose CD spectrum showed a negative first Cotton effect at 253 nm and a positive second one at 236 nm, denoting that the absolute configurations at the C-3 and C-6 position of 2b were estimated as S and R, respectively, as shown in Fig. 2 .
These findings led us to conclude that the structure of leucasdin B (2) should be (3S,6R)-3-acetoxy-6-formyloxyisoambreinolide.
Leucasdin C (3) was obtained as colorless needles, mp 284-285°C (dec.), [a] D 25 ϩ26.8°, and showed absorption bands of hydroxy (3352 cm
Ϫ1
) and carboxy (1690 cm Ϫ1 ) groups in its IR spectrum. The molecular formula was deduced to be C 20 H 32 O 4 from the HR-FAB-MS, and 13 C-NMR and DEPT spectral data, suggesting 3 to be a tricyclic compound. The 1 H-and 13 C-NMR spectra indicated the presence of an isopropyl and two tert-methyl groups, and three quaternary sp 3 -carbons in addition to a tri-substituted double bond (Tables 2, 3 ). These findings suggested 2 to be a tricyclic diterpenoid.
The presence of five partial structures was deduced from the 1 H-1 H COSY spectral data and the assignment of each carbon, except for a quaternary one, was based on the 1 H-13 C COSY spectral data. The connectivity of each partial structure was obtained from the 1 H-13 C long-range COSY spectral data. From these data, 3 was deduced to have a 7-abietene skeleton possessing 4-carboxy and 12,13-dihydroxy groups.
The relative stereochemistry was established by a combination of observed coupling constants and NOE experiments. In the DIFNOE spectrum of 3 in which the H 3 -20 was irradiated, enhancement of the signal intensity of H 3 -19, H-1b (d 1.86, brd, Jϭ13 Hz), H-2b (d 1.54, brqt, Jϭ13, 3 Hz), H-6b (d 2.15, m), and H-11b (d 2.15, brq, Jϭ11 Hz) was observed, whereas irradiation of H-1a (d 1.18, ddd, Jϭ13, 13, 4 Hz) enhanced those of the H-5 and H-9 as shown in Fig. 3 . The above data and the coupling constants from H-5 to H-6b (12 Hz) suggested that the A-ring existed in chair conformation with C-4 and C-10 methyl groups in an axial arrangement, and the decaline moiety of 3 was A/B trans. In addition, NOEs were observed between H-12/H-9, H-15, H 3 -17, and H-14a (d 2.09, d, Jϭ14 Hz) indicating that the B-and C-rings exist in a half-chair and chair conformation, respectively, and the configuration of C-4, C-9, C-12, and C-13 are R*, S*, R*, and R*, respectively.
The absolute stereochemistry of 3 was determined by the advanced Mosher method. 26) After conversion from 3 to its methylester (3a) by treatment with CH 2 N 2 , 12-O-(S)-and (R)-methoxy (trifluoromethyl) phenylacetyl (MTPA) ester (3b, 3c, respectively) were prepared and submitted to 1 H-NMR spectroscopy. The Dd value (d (S)-MTPA (3b) Ϫd (R)-MTPA (3c) ) of each proton is shown in Fig. 4 , indicating that the absolute configuration at C-12 should be R.
On the basis of these results, the structure of leucasdin C (3) was concluded to be (4R,9S,12R,13R)-12,13-dihydroxy-Vol. 54, No. 10 1.05 dd (10, 6)
1.12 dd (11.5, 7)
1.12 dd (12, 7)
1.14 dd (12, 7)
1.12 dd (12, 7) 2.00 m 2.12 ddd (11, 11, 9) 2.12 ddd (11, 11, 9) 2.15 ddd (11, 11, 9) 2.03 ddd (11, 11, 9) 2.09 ddd (11, 11, 9) 2.00 m 18 1.10 s Table 5 . From these data, 1 was suggested to be a tetracyclic triterpenoid.
The nineteen partial structures were suggested from the The relative stereochemistry was confirmed by NOE experiments (Fig. 5 ) in addition to the coupling constant of each proton. In the DIFNOE spectrum of 4, the experiments of the A-ring gave almost of same results as for 1 suggesting that the A-ring exists in chair conformation with C-10 methyl and C-3 hydroxy groups in an axial and equatorial arrangement, respectively. In addition, NOEs were observed between H-9/H 3 54, m) indicating that the Band C-rings exist in a boat and chair conformation, respectively, with C-8 and C-14 methyl groups in an axial arrangement, and the ring junctions of the A-, B-, C-, and D-ring in 4 are all trans. However, an assessment of the DIFNOE spectral data to determine the relative stereochemistry of the side chain moiety was unsuccessful. Thus, 4 was converted into the 3,20-di-trimethylsilyl (TMS) ether derivative (4a), and detailed NOE experiments were carried out. As a result, NOEs were observed, as depicted with dashed arrow in Fig.  6 , demonstrating the relative stereochemistry of 17S* and 20S*. On the basis of all the above findings, the structure of leucastrin A (4) was concluded to be (3S,17S,20S,24S)-3,20-dihydroxy-24-methylprotost-25-en.
Leucastrin B (5) The relative stereochemistry was confirmed by NOE experiments which gave the same results as for 4.
3,24-di-O-(S)-and (R)-MTPA ester (5a, 5b, respectively) were prepared as same manner as 3, and submitted to To determine the absolute configuration at C-17 and 20, 5b was converted into the 20-TMS ester derivative (5c), and detailed NOE experiments were carried out. As a result, NOEs were observed as shown in Fig. 9 , demonstrating the absolute stereochemistry of 17S and 20S, respectively. Based on these data, the structure of leucastrin B (5) was concluded to be (3S,17S,20S,24S)-3,20,24-trihydroxyprotost-25-en.
Experimental
General Procedures All melting points were determined on a Yanagimoto micromelting point apparatus and were uncorrected. NMR spectra were taken in CDCl 3 on a JEOL GSX-400 spectrometer ( 1 H-NMR at 400 MHz and 13 C-NMR at 100 MHz), using TMS as an internal standard, and chemical shifts are given in d (ppm). EI-MS and FAB-MS (positive ion mode; matrix, magic bullet) spectra were recorded on a JEOL JMS-SX-102A mass spectrometer and major peaks are indicated as m/z. IR spectra were recorded in KBr disks on a Hitachi 270-30 infrared spectrophotometer and data are given in cm Ϫ1 . Optical rotation was measured by a JASCO DIP-370 digital polarimeter. UV spectra were taken on a Shimadzu dual-wavelength/double beam recording spectrophotometer. CD spectra were recorded in MeOH on a JASCO J-720 CD dispersion spectrometer. For column chromatography, silica gel (Wako-gel C-300) and ODS (Cosmosil 140 C 18 -OPN) were used. HPLC was performed on a Tosoh CCPS pump system with a Tosoh UV-8020 UV detector. Preparative HPLC was performed on a TSKgel ODS-80T M column (30 i.d.ϫ215 mm). TLC was carried out on Kieselgel 60F 254 (Merk) with the following solvent systems: benzeneEtOAc (2 : 1, TLC-1), CHCl 3 -MeOH-H 2 O (25 : 4 : 1, TLC-2), CHCl 3 -MeOH-H 2 O-HCOOH (100 : 10 : 1 : 1, TLC-3), and n-hexane-acetone (2 : 1, TLC-4). Spots were detected by spraying dil. H 2 SO 4 followed by heating.
Plant Material The plant material was purchased at the market, Kilagal Vaidya Pasal, in Kathmandu, Nepal, in 1995. The botanical identification was made by Dr. N. P. Manandhar, National Herbarium and Plant Laboratories, Godawari, Nepal. A voucher specimen is deposited at the Herbarium of the Faculty of Pharmaceutical Sciences, Hokuriku University, Kanazawa, Japan.
Extraction and Separation The dried whole herbs (3 kg) of Leucas cephalotes were extracted three times with MeOH under reflux. The MeOH extract was concentrated to dryness under reduced pressure, and the resulting residue (120 g) was defated with n-hexane. The insoluble part (114 g) was partitioned between 1-butanol and water. The 1-butanol layer was concentrated to dryness under reduced pressure, and the residue (104 g) was extracted with an ether. The ether soluble fraction was concentrated, and the residue (54 g) was chromatographed on silica gel (3 kg) and eluted with a gradient of CHCl 3 -MeOH-H 2 O (100 : 0 : 1→90 : 10 : 1) to give four fractions (frs. 1-4), in order of elution. Fr. 1 was subjected to a silica gel column chromatography using a gradient of n-hexane-acetone (6 : 1→1 : 2) to give 4 (48 mg), 1 (190 mg), 6 (6 mg), 12 (6 mg), 13 (6 mg), 15 (8 mg) , and a mixture of three components, which were rechromatographed on silica gel with a gradient of benzene-EtOAc (10 : 1→3 : 1) to give 2 (24 mg), 5 (20 mg), and 14 (12 mg), respectively. Frs. 2 and 3 were found to be mixtures of steroid by NMR data, both of which were subjected to preparative HPLC (solv., CH 3 CN) to give 7 (18 mg) and 8 (16 mg), and 9 (24 mg) and 10 (10 mg), respectively. Fr. 4 was chromatographed on a silica gel with a gradient of n-hexane-EtOAc (4 : 1→2 : 1) to give a mixure of steroid, which was separated by preparative HPLC (solv., CH 3 CN), affording b-sitosterol 7) (20 mg) and 11 (16 mg) .
The insoluble fraction into ether was passed through a silica gel column, using a gradient of CHCl 3 -MeOH-H 2 O (100 : 10 : 1→100 : 50 : 3) to give 17 (180 mg), 18 (10 mg), 19 (10 mg), respectively, and mixture of 16 and 3, which was purified by an ODS column chromatography using a gradient of H 2 O-MeOH (7 : 1→1 : 2) to give 16 (6 mg) and 3 (16 mg).
Identification of 6-19 Compounds (6-19) were identified as oleanolic acid (6), 8) 7-oxositosterol (7), 9,10) 7-oxostigmasterol (8), 11) 7a-hydroxysitosterol (9), 9) 7a-hydroxystigmasterol (10), 12) stigmasterol (11), 13) 5-hydroxy-7,4Ј-dimethoxyflavone (12), 14) pillion (13), 15) gonzalitosin I (14), 16) tricin (15), 17) cosmosin (16), 18 ) apigenin 7-O-b-D-(6-O-p-coumaroyl)glucopyranoside (17), 19) anisofolin A (18), 20) and luteolin 4Ј-O-b-D-glucuronopyranoside (19) , [21] [22] [23] respectively, by direct comparison with authentic samples (6, 11, 12, 15) or of the respective spectral and chemical data with those described in the literatures (7-10, 13, 14, 16-19 Table 2 . Alkaline-Methanolysis of 1 A solution of 1 (30 mg) in 3% NaOMe/ MeOH (2 ml) was allowed to stand for 24 h at 60°C. After cooling, the reaction mixture was neutralized with 0.1 M HCl and partitioned between EtOAc and H 2 O. The EtOAc soluble fraction was evaporated and the residue was partitioned between n-hexane-benzene/MeOH-H 2 O (1 : 1.5/1 : 0.5) to give a deacylated compound (1a, 20 mg) from the MeOH-H 2 O layer, which was dissolved in AcCl/MeOH (20 : 1, 1 ml) and left to stand for 48 h at room temperature. A reaction mixture was poured into ice-water and then extracted with EtOAc. The EtOAc phase was washed with water, and then evaporated. The residue (18 mg) was a mixture of two compounds, which were separated by preparative TLC (TLC-4) followed by a silica gel column chromatography eluting with EtOAc to give 1b (7.9 mg) and 1c (8.5 mg Table 2 . 3,6-Di-O-p-bromobenzoate (1d) of 1b To a solution of 1b (7.1 mg) in pyridine (1.5 ml) was added successively DMAP (3.5 mg) and p-bromobenzoyl chloride (80 mg) and the mixture was allowed to stand at 80°C for 24 h. A reaction mixture was poured into ice-water and then extracted with EtOAc. The EtOAc phase was washed successively with 0.1 M HCl, saturated NaHCO 3 and water, and then evaporated. The residue was chromatographed over silica gel and eluted with CHCl 3 to give the 3, Table 3. 13 C-NMR: Table 2 .
12-O-(S)-and (R)-MTPA Ester Derivatives (3b, 3c, Respectively) of 3a
To a solution of 3a (2 mg) in CH 2 Cl 2 (1 ml) was added successively DMAP (1 mg), Et 3 N (0.2 ml) and (Ϫ)-MTPA chloride (7 mg) and the mixture was allowed to stand at room temperature for 24 h. A reaction mixture was poured into ice-water and then extracted with EtOAc. The EtOAc phase was washed successively with 0.1 M HCl, saturated NaHCO 3 and water, and then evaporated. The residue was chromatographed over silica gel and eluted with CHCl 3 to give 3b (1.7 mg). In the same manner as for 3b, 3c (1.8 mg) was obtained from 3a (2 mg Table 4 . 13 C-NMR: Table 5 . 3,20-Ditrimethylsilyl Ether Derivative (4a) of 4 To a solution of 4 (6 mg) in pyridine (1 ml) was added hexamethyldisilazane (1.2 ml). The reaction mixture was left to stand at room temperature for 3 h and evaporated. A residue was passed through a silica gel column (solv.: n-hexane-EtOAc, 4 : 1) to give a TMS derivative (4a, 5.0 mg) as a white amorphous powder. 1 H-NMR: Table 4. 13 C-NMR: Table 5 . 
3-O-(S)-and (R)-

